Summary. The postnatal development of rat sublingual glands was analyzed by morphometric and radioautographic studies. The absolute number of each cell type was evaluated by the Aherne II morphometric method for cell counting and labeling indices of these cell types were determined in radioautographs from animals injected with 3H-thymidine. The quantitative cell population kinetic studies were accompanied by morphologic analysis of the modifications in each gland structure. The data concerning evolution of number of each cell type were submitted to analysis by least squares fitexponential curve. The exponential equations duplication times for the acinar, serous demilune, intercalated duct, striated duct and stroma cells from 2 to 30 days of age were 7.5, 9.0, 10.8 and 9.5 days, respectively. On the other hand, the mean labeling indices for the same cell types during the same period were 9.5%, 5.8%, 7.2%, 3.3% and 4.3%, respectively. Thus, the intercalated duct cells exhibited the second highest labeling index and the slowest growth rate, while the striated duct cells showed the lowest labeling index and the third highest duplication time. The fact that the striated duct cell labeling index does not explain the relatively short duplication time of these cells, suggests that cells from other neighboring morphologic compartments, probably from intercalated duct, migrate and differentiate into striated ducts cells.
Summary. The postnatal development of rat sublingual glands was analyzed by morphometric and radioautographic studies. The absolute number of each cell type was evaluated by the Aherne II morphometric method for cell counting and labeling indices of these cell types were determined in radioautographs from animals injected with 3H-thymidine. The quantitative cell population kinetic studies were accompanied by morphologic analysis of the modifications in each gland structure. The data concerning evolution of number of each cell type were submitted to analysis by least squares fitexponential curve. The exponential equations duplication times for the acinar, serous demilune, intercalated duct, striated duct and stroma cells from 2 to 30 days of age were 7.5, 9.0, 10.8 and 9.5 days, respectively. On the other hand, the mean labeling indices for the same cell types during the same period were 9.5%, 5.8%, 7.2%, 3.3% and 4.3%, respectively. Thus, the intercalated duct cells exhibited the second highest labeling index and the slowest growth rate, while the striated duct cells showed the lowest labeling index and the third highest duplication time. The fact that the striated duct cell labeling index does not explain the relatively short duplication time of these cells, suggests that cells from other neighboring morphologic compartments, probably from intercalated duct, migrate and differentiate into striated ducts cells.
The rat and mouse sublingual gland is composed of mucous tubuloacinar structures exhibiting relatively few serous demilune cells, intercalated ducts, striated ducts, excretory ducts and a main excretory duct (LEESON, 1967; PINKSTAFF, 1980; CULP et al., 1991; HERNANDES et al., 1995) . This gland initiates the development as a club-shaped down-growth of the buccal epithelium on the 13th day post-fertilization (RAYNAUD, 1943; GERSTNER et al., 1963; REDMAN and SREEBNY, 1970b) .
The epithelium down-growth forms a narrow cordlike structure containing a cluster or bud of cells at the end (BORGHESE, 1950; REDMAN and SREEBNY, 1970b; LAJ et al., 1971; REDMAN and BALL, 1978) . The cells of the cluster proliferate and give rise to numerous branches and new terminal buds (RAYNAUD, 1943; BORGHESE, 1950; DIGI0vINE-VECCHIONE, 1967; RED-MAN and SREEBNY, 1970a; LAJ et al., 1971; REDMAN and BALL, 1978) . Between the 15th and 20th day of prenatal development, the cells of the terminal buds undergo terminal morphologic differentiation to secretory cells (RAYNAUD, 1943; BORGHESE, 1950; GERTNER et al., 1963; SZYMANSKA, 1963; DIGI0vINE-VECCHIONE, 1967; LAJ et al.,1971; REDMAN and BALL, 1978) . Ultrastructural studies on the prenatal development of the sublingual gland of the rat (REDMAN and BALL, 1978) and of the mouse (LAJ et al., 1971) have shown that the development of mucous and serous acinar cells differs in several aspects between animal species.
At birth, all the intralobular structures of the sublingual gland-acini, intercalated ducts and striated ducts are differentiated, but still morphologically immature (LEESON and BOTH, 1961; TAGA, 1976) . During the first 3 to 4 weeks of postnatal development, the acini and ducts undergo a clear maturation, with an evident increase in diameter.
In the present investigation, we studied the postnatal development of frequency, absolute number and labeling index of the various cell populations of the rat sublingual glands by morphometric and radioautographic methods and complemented the quantitative studies with morphologic observations at the light microscope level. Groups of 4 rats of both sexes aged 2, 5,10,15, 20, 30 and 40 days of postnatal life were injected intraperitoneally with a single dose of 3H-thymidine (New England Nuclear) with a specific activity of 20 Ci/ mM corresponding to 4 p Ci/g body weight and were killed 1.5 h later by excess ethyl ether inhalation. The sublingual glands of each animal were carefully dissected and removed. All glands were collected between 8:00 and 10:00 AM. The glands of each animal were cut into small fragments of about 1-2 mm and fixed in a cold (4t) solution of 2% glutaraldehyde (TAAB Laboratories) in 0.09 M phosphate buffer, pH 7.3, for 1 h. The fragments were then post-fixed in cold phosphate-buffered 1% osmium tetroxide plus 106 mg sucrose/ml for 2 h, stained en bloc with 0.5% uranyl acetate plus 106 mg sucrose/ml for 18 h, dehydrated in ethanol and propylene oxide, and embedded in araldite (LUFT, 1961) . The blocks were cut on Porter-Blum ultramicrotomes models MT1 and MT2.
Eight araldite-embedded blocks from each animal were randomly selected for the radioautographic study. Eight thick sections 0.5um in thickness separated by a 10 pm space were obtained from each block and placed on a glass slide. The slides with the sections were coated with Ilford k5 emulsion by the dipping technique (CARO and VAN TUBERGEN, 1962) . After a 30-day exposure, the radioautography were developed in Kodak D19B and stained with methylene blue-azure II.
For each gland about 2,000 transections of nuclei were randomly counted and those exhibiting label were scored. Counts were made with an immersion oil objective (x 100) and a Zeiss kpl x 8 eyepiece containing a Zeiss II integrating grid.
The following cell types were quantified: a) mucous acinar cells, b) serous demilune cells, c) intercalated duct cells, d) striated duct cells, e) stroma cells including fibroblasts, mast cells, capillary cells, etc. Excretory duct cells were not counted because they rarely appeared in the microscopic fields. The percentage of labeled nuclei or labeling index (LI) was calculated for each cell type.
Morphometry
The morphometric evaluations were conducted on a total of 28 rats of both sexes divided into age groups of 4 animals each. The rats were killed by inhalation of ethyl ether and the sublingual glands removed. Fresh gland mass was rapidly weighed using a Mettler P-20 precision scale and the glands were fixed in Helly's fluid for 3 h. After fixation, the glands were washed overnight in running water and submitted to standardized processing by dehydration in ethanol, clearing in xylene and paraffin embedding. Semiserial 5 am thick sections of the glands of each animal were obtained and stained with hematoxylin and eosin.
Evaluation of processed gland volume (Vp)
Gland volume after all the histological processing was determined by the following relation: Vp=m/ ox SF, where, m=fresh gland mass, s=gland density and SF=factor for the correction of the shrinkage provoked by histological processing.
For these calculation, we used o=1.08 g/cm3, a value obtained by BoLENDER (1974) in guinea pig pancreas.
The shrinkage caused in the glands by the histological procedures was determined by the method of TAGA and SEsso (1978) and of KACHAR et al. (1979) in glands from another group of 6 animals aged 5, 7, 20, 15, 19 and 30 days of postnatal life. The mean shrinkage obtained was 11% (i. e., a shrinkage factor SF=0.89) with a coefficient of variation of 6.2 among measurements.
Morphometric evaluation of cell number
The absolute number of mucous and serous demilune acinar cells, intercalated duct cells, striated duct cells, excretory duct cells and stroma cells of each animal in each group studied was evaluated by the Aherne II morphometric method (AHERNE, 1967) . Counts were performed using a kpl x 8 Zeiss eyepiece containing a Zeiss II integration grid with 100 points and 10 parallel lines over a quadrangular area, and an oil immersion x 100 objective.
In 40 microscope fields selected by systematic randomization (WEIBEL, 1969) , the number of nuclear transections and whole nuclei (n) of each cell type and the number of crosses (c) between nuclear profiles and parallel lines of the grid were counted. Knowing the gland processed volume (Vp), the distance between test lines (d), the total area of the microscopic fields examined (A) and the thickness of the histological sections (t), the absolute number of each cell type in the gland (Ni) was calculated by the following equation:
Ni=nxAl/dIt (AHERNE, 196 Statistical analysis
To determine the increase in gland mass, cell frequency, cell number and labeling index during a given developmental period, the data were analyzed by analysis of variance (F test) as indicated by LIsoN (1958) . Cell frequency and labeling index data were submitted to arcsin transformation before statistical analysis.
The data concerning gland mass, total cell number and number of cells of each type were submitted to curve fitting by two-variable linear regression (Y= a0+a1X), two-variable parabolic regression (Y=a0+ a1X+a2X2) and least squares fit-exponential curve (Y=a. ebX) using an IBM microcomputer.
The determination coefficients (r2) of the equations were compared to check the best curve fitting.
RESULTS

Morphologic observations
During the early period of postnatal life, the sublingual glands already exhibit all epithelial cell lineages present in adult animals. However, the glands still present morphologic features of immaturity.
Between 2 The intercalated and striated ducts exhibit almost definitive morphology by the 2nd and 5th day of postnatal life (Figs. 1, 2) . The transition zone between the intercalated and striated ducts is usually shorter, during the period of 2 to 20 days of postnatal development (Fig. 4) , though, a well elongated transitional region is occasionally observed (Fig. 3) . The elongated myoepithelial cells are frequently observed around mucous and/or serous acinar and intercalated duct cells (Figs. 1, 2 ) between 2 and 5 days of age. A simple inspection of the sections revealed that the frequency of these cells appears to be higher than in the parotid gland of animals of the same age studied by TAGA and SEsso (1979) .
The interparenchymatous spaces filled with connective tissue, blood and lymphatic vessels and nerves are larger during this early period when compared with those of mature glands from animal aged 40 days (compare Figs. 1, 2 with Fig. 6 ).
Morphometric and radioautographic results
The evolution body mass and gland mass from 2 to 40 days of postnatal development is presented in Figures  7 and 8, respectively, where each point is mean for 4 animals per age group. Statistical "F" analysis showed that body mass growth was monophasic, with a progressive gain of 1197% (P<0.01) from 7.0+0.09 g* on the 2nd day of age to 90.8+4.23 g on the 40th day. Between 2 and 30 days, the body mass increased 971% (P<0.01). In contrast, fresh gland mass growth showed two phases, i. e., from 2 to 10 and from 15 to 30 days of postnatal life. On a percent basis, gland muss mass increased by 163% (P<0.01) during the first phase (3.80.05mg to 10.00.34mg) and by 282% (P<0.01) during the second (11.70.43mg to 44.71.97mg). No significant increase in gland mass occurred between the age ranges of 10 to 15 and 30 to 40 days.
Exponential regression analysis between fresh gland mass and age in days from 2 to 30 days of postnatal life yielded the following equation: Y=3.79e0.0834x(r2=0.97). The equation was used to calculate the duplication time (T) by the relation T=In 2/k, where: In 2=natural logarithm of 2 and k=exponential equation exponent (SEsso et al., 1973; KACHAR et al., 1979) . The obtained T value was 8.2 days, i. e., during the period from 2 to 30 days gland mass doubled every 8.2 days.
The results concerning postnatal evolution of cell frequency in the various morphologic compartments of the rat sublingual glands are presented in Figure 9 .
Mucous acinar cell frequency increased from 21.3% to 33.9% between 2 and 30 days (P<0.01), while the frequency of serous demilune cells was stable throughout the study period, with a mean Bars=Standard error of mean value of about 26.8%. All other cell populations presented decreases in the relative frequency of cell number during postnatal development, i. e., the frequency of intercalated ducts cells decreased from 7.0% on the 2nd day to 1.9% on the 40th day (P<0.01), the frequency of striated ducts cell from 9.8% on the 2nd day to 6.0% on the 40th day (P<0.05) and the frequency of stromal cells from 34.8% on the 2nd day to 27.9% on the 30th day (P<0.05) of postnatal life.
The total number of cell in the sublingual glands evaluated by the Aherne II morphometric method is presented in Figure 10 .
The total cell number increased conspicuously from 241.48.19 x 104 on the 2nd day of postnatal life to 2321.9+120.34x104 on the 30th day, corresponding to an 862% increase (P <0.01). The equation obtained by exponential regression analysis was: Y=287.7e0.0759x (r2=0.92) and duplication time calculated for the equation was 9.1 days. Figure 11 shows the evolution of individual cell Exponential regression analysis between the number of each cell type and age in days during the period from 2 to 30 days of postnatal life yielded the equations presented in Table 1 , which were used to calcu- late the duplication times for the various cell types, which are also presented in the same Table 1 . The results concerning the postnatal evolution of labeling indices for the various cell categories are illustrated in Figure 12 .
The "F" values obtained by analysis of variance between labeling indices for the various cell populations in order to detect statistically differences between age groups are shown in Table 2 .
In addition to the regression equations and duplication times for cell number, Table 1 presents the mean labeling indices for the various cell types during the period from 2 to 30 days of age.
Analysis of the data presented in Figure 12 and Tables 1 and 2 led us to the following conclusions about the quantitative evolution of the various cell categories:
The labeling indices of the mucous acinar cells were relatively high from day 2 to 30, with a peak of 28.4% on day 5 (Fig. 12) . Analysis of variance excluding the values for day 5 showed that the labeling indices were stable during this period ( Table 2 ). The mean labeling index for mucous cells was 9.5% and the partial values for the groups aged 2, 5, 10, 15, 20 and 30 days were 4.8%. 28.4%, 6.7%, 6.1%, 7.1% and 4.2%, respectively. The duplication time of the mucous cell number calculated by an exponential equation was 7.5 days, i. e., the growth rate of the mucous cell population was the highest compared to all other cell types in the sublingual glands during postnatal development.
The percent fraction of serous demilune cells that incorporated 3H-thymidine declined from 2 to 30 days of age (Fig. 12 and Table 2 ), being relatively high until day 20; and showing no significant difference between 15 and 20 days by analysis of variance. The mean labeling index for the period was 5.8% and the partial values for the groups aged 2, 5, 10, 15, 20 and 30 days were 10.3%, 7.5%, 5.5%, 3.2%, 6.4%, and 1.9%, respectively. The demilune cell population was the 2nd in terms of growth rate, exhibiting a duplication time starting from 9.0 days. Table 1 . Duplication time (T) and labeling index (LI) from the rat sublingual glands and respective regression equations for period of 2 to 30 days of postnatal life The intercalated duct cell population showed high and stable labeling indices during the period from 2 to 5 days of age, declining gradually until day 15, and stabilizing from 15 to 20 days of age and declining until day 30 (Fig. 12 and Table 2 ). The mean value of 7.2% during the period, was the 2nd value among all cell types in the gland, and the partial values for the various age groups were 15.0%, 13.9%, 6.6%, 2.9%, 3.6% and 1.2%, respectively. On the other hand, the growth was the lowest for all sublingual gland cell types, with a 16.9 days duplication time ( Table 1) .
The fraction of striated duct cells that synthesize DNA remained stable from 2 to 30 days of age ( Fig.  12 and Table 2 ). The mean labeling index of 3.3 was the lowest compared to all cell types and the partial values for various age groups were 2.7%, 7.1%, 3.1%, 2.6%, 3.2% and 1.3%, respectively. The duplication time calculated for the regression equation was 10.8 days (Table 1) , a very short time compared to the value obtained for the intercalated duct cell population.
The labeling indices of stromal cells decreased from 2 to 30 days of age ( Fig. 12 and Table 2) , with a mean value of 4.3%. The duplication time obtained by the regression equation was 9.5 days.
DISCUSSION
All the parenchymal cell lineages of the sublingual glands of newborn albino rats are morphologically well defined but still immature (LESSON and BOTH, 1961; BALL, 1974) . During the first month of postnatal life, these glands undergo a marked fresh mass growth. In the present investigation, we obtained a significant increase of 1076%, with a mean daily increment of 1.5 mg/day. Since graphic analysis had suggested the occurrence of exponential growth, we analysed gland mass evolution as a function of age in days by least squares fit-exponential regression, obtaining the equation: Y=6.55eo.o812x The growth rate of the gland mass was calculated by this equation and the duplication time obtained was 8.2 days, i. e., the gland mass requires 8.2 days to duplicate.
Allometric study of the postnatal growth of rat sublingual gland mass as a function of body mass (HASSUNUMA and TAGA, 1996) showed a monophasic pattern of allometric growth with a K coefficient of 0.93. The confidence interval for K indicated isometric growth, i. e., during the period from 2 to 40 days of age, the unit increase in gland mass is the same as that the unit increase in body mass.
Analysis of biochemically evaluated total DNA and of morphometrically determined acinar cell volume (BARBOSA et al., 1997) revealed that this growth occurs mainly by an increase in the absolute cell number through proliferative activity and also by a volume gain in individual cells.
A marked 862% increase in morphometrically evaluated total cell number was observed from 2 to 30 days of age. The increase in cell number was also calculated by an exponential equation and the duplication time obtained was 9.1 days. The value was higher than that calculated for gland mass growth, suggesting that the cell volume increase also played an important role in the final growth of gland mass.
In agreement with these observations, we also visualized at the light microscope level mitotic figures in cells of simple cytoarchitecture such as the intercalated duct cells and in cells of complex ultrastructure such as mucous cells, demilune cells and striated duct cells. Our morphologic data confirmed those previously reported by LESSON and BOTH (1961) . Mucous acinar cells morphology showed little variation from 2 to 20 days of postnatal life, with a more visible change in volume occurring thereafter.
Serous demilune cells showed no increase in individual volume. These observations agree with the morphometric data obtained by BARBOSA et al. (1997) . It should be pointed out, however, that in contrast to these results, the electron microscope observations (LESSON and BoTH,1961) indicated that the cells undergo morphologic maturation, with an increase in the cytoplasmic density of cisterns and vesicles of rough endoplasmic reticulum and Golgi complex regions.
The conspicuous increase in gland mass during postnatal development can only be due to the sum of the increases that occur in each morphologic compartment of the glands. On this basis, HASSUNUMA and TAGA (1996) obtained statistically significant increases for morphometrically evaluated absolute volumes of all gland components. Allometric analysis of the growth of these compartmental volumes as a function of body mass growth showed a statistically significant allometric growth with a monophasic pattern for each compartment during the period from 2 to 40 days of age. The allometric coefficients obtained for the acinar, demilune, duct and stroma compartments were 1.11, 0.76, 0.86 and 1.00, respectively. Analysis of the confidence intervals for these values permitted the authors to conclude that the differential growths of the volumes of acini, demilunes, ducts and stroma were positive, negative, negative and isometric, respectively.
Our analysis of cell number increase and of the respective duplication times revealed that a relatively higher cell accumulation occurred between the 2nd To clarify the kinetic mechanisms of cell population growth responsible for gland growth we compared the cell accumulation rates in the compartment, i. e., the duplication time, percent increase and mean daily cell accumulation with the proliferative rate within the same compartment, i. e., the mean labeling index.
This comparison showed a correlation between the duplication time and the mean labeling index for the cell populations of acini, demilunes and stroma during the period from 2 to 30 days of age. Thus, the mucous acinar cell population exhibited a mean labeling index of 9.5% which was the highest among all cell types, and the greatest growth rate with a duplication time 7.5 days, a percent increase of 1487% and a mean daily accumulation 26.3 x 104 cells/day. For demilune serous cells the mean labeling index, duplication time, percent increase and daily accumulation were: 5.8%, 9.0 days, 948% and 20.1 x 104 cells/day, respectively, and for the stroma cells the same parameters were: 4.3%, 9.5 days, 695 and 20.8 x 104 cells/day, respectively. This correlation, however, did not occur for intercalated and striated duct cell populations. The intercalated duct cells exhibited the 2nd highest labeling index with a value of 7.2%, but showed the lowest growth rate among all cell categories, with a duplication time of 16.9 days, a 322% percent growth and a daily cell accumulation of 1.91 x 104 cells/day; whereas the striated duct cells exhibited the lowest mean labeling index with a value of 3.3% and the 3rd rate of cell accumulation, markedly higher than that observed for the intercalated ducts, with a duplication time of 10.8 days, a perceptual growth of 595% and a daily accumulation of 4.8 x 104 cells/day.
The data discussed here showed that a relatively quick accumulation of cells occurs in the striated ducts, with a relatively low rate of 3H-thymidine incorporation. This lack of concordance suggests that cell migration from other neighboring structures may take place during the postnatal development of rat sublingual glands. Because of its topography, high proliferative rate and small growth rate, the compartment most likely to supply cells to striated ducts corresponds to the intercalated ducts. Our morphologic observations are compatible with the fact that during the cell migration morphologic differentiation occurs from cells of simple morphology of the intercalated ducts to cells of complex cytoarchicteture of the striated ducts. This possibility has been previously proposed by other investigators who studied the postnatal development of the rat submandibular and parotid glands (CHANG, 1974; ALVAREs and SEsso, 1975; TAGA and SEsso, 1979) . Although the present data may support this hypothesis of cell migration and differentiation from intercalated ducts to striated ducts, it should be pointed out that both labeling indices and cell accumulation rates indicated that an appreciable part of the numerical increases of various cell populations of the sublingual glands during postnatal development are due to cell proliferation of specialized cells within each morphologic compartment. Biol. 46: 81-87 (1970a) .
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